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The invention relates to oilfield dovjuhole operations. More particularly* the 
invration relates to a swage device for reforming a defoimable junction in a deviated 
wellbore. 



As is wdl known to those of skill iii|the art, lefonnable deformed junctions 
have been known to the oilfield art The bepefit of a deformed junction is that the 
jimction is easily tranqK>rted throu^ the ca^ng of a wdlbore or an open hole wellbore 
to its final destination at a junction betweecj a primary and lateral borehole. Once the 
junction is properly positioned, it is refonn<jd into a Y-shaped junction to assist in 
completing the wellbore. In the fully r&fott|ed condition of the junction, the outa 
dimensions are generally greater than tibe inpde diameter QD) of the casing or open 



hole. Thus, of course, it would be rather difficuh to install tiie junction in its 
imdefoimed ccmdition. Many methods have been used to reform the deformed jonction 
in the borehole. One of the prior art methods has been to employ a swaging device. 
Swa^g devices generally coioprise a conical or fiustoconical hardeocd manba* 
having an outside diameter (OD) as large as possible while being passable through the 
wellbore casing or the open hole. This swage is forced to travel through a previously 
positioned deformed junction whenby the junction is reformed into an qicrational 
position. Where the junction is located in a vertical or near vertical weinxn-e, setdown 
wei^t alone often is sufficimt to generate fte approximately 100,000 pounds of force 
required to reform the juncdon. Whore the deformed junction is being placed in a 
highly deviated wellbore or a horizontal wellbore, however, setdown wdg^t might not 
be sufficient to force the swage device throu^ the junction. In this event, one of skill 
in the art wiU recognize the hydrauUcpnxxdure alternative to setdown wei^iL This 
hydraulic procedure tnchides an expansion joint located above the swagp device, a drill 
tube andior located above the expansion joint, and a ball seat located below the 
expansion joint such ftat by dropping a ball, pressure can be ^plied to the tubing 
string. This applied pressure forces the expansion joint to expand downhole, which in 
turn forces the swage device throu^ the junction. Expansion joints are well known in 
(he art, as arc anchors and ball seats. 

As also will be recognized by one of ordinary ddll in the art, there is a 
significant drawback to the prior art swaging devices. The metal of the junction has a 
ctttain amount of resilience such that after die swage device has been forced through 
the junction, reforming the same, die junction itself will rebound to a smaller ID than 
the OD of the swage device by several thousanddis of an inch. Because of the rebound 
it requires nearly as much lifting force on the swage device to remove it fiom the 
wellbore as is needed to initiaUy force the swage through the deformed junction. This 
can be as much as 100,000 pounds. Although a drilling rig can easily pull ten tunes this 
weight, in a hi^y deviated or horizontal wellbore, die fiiction created on the curvature 



of the well cao be hi^^ enough to absoib al^of die fince impaited at the sui&ce and 
leave noae available for the swage. Thus, tjie tool is studc The amount of force 
necessary to pull the swage thnou^ (he newly lefcmned juncticm can also be sufficient 
to damage ocfaer well tools or junctions. Sujdi damage can ofcourse cost significant 
sums of money to rqiair and require sigoificjant time both to diagnose and to icpw. 
Thus, the art is in need of a swage device th|it does not cany the drawbacks of the prior 
art. 

The above-identified drawbacks of t^ prior art are overcome or alleviated by 
file flexible swage device of the inventiim. ; 

The invention avoids fiie above set fyrth drawback by creating a two-part swage 
device coiiqiristng a sqnmrt and a swage o^. The sqyport is ei^ed with the swage 
cup during the swaging operation. The swa^ cup is moveable such that after the 
swagir^ operation is complete the swage ci]^ can be moved to a posi^ 
unsupported by die sqiport and is dieref<»e ^owed to deflect sevearal thousanddis of an 
inch toward the mandrel. This deflection wi|l significantly reduce drag on die swage 
ciqi duou^ die rtfinmed junction (and ai^ ^ther junctions uphole of die subject 
junction) during removal ofthe swage devic^ from die wellbore. hi an alternate 
embodiment^ die swage ctip contains longitujfinal slots cut into it to impati increased 
flexibility characteristics to die swage c^i. ihe flexible invage device of die invention 
is employable in pUwe of a conventional swa^ die fimcticm of whidi being fiifly 
assimilated in the inventioiL I 



Referring now to die drawings wherein like elements are numbered alike in die 
several FIGURES: 

HGURE 1 is a side view of die inven ion in die swage position; and 



HGURE 2 is a side view of the invention wbenan the swagp cup has been 
sheand to a second position, which is the retrieving position; 

HGURE 3 is a cross section view of a second embodiiDent of the invention; 

FIGURE 4 is a perspective view of the swage o^; and 

nCURE 5 is a perspective view of an alternate eoabodiment of the swage cup. 



Referring to Figure 1. a flocible swage in the swaging posiliott is shown 
genewllyatlO. The invention is iUustiated mounted on a mandrel 11 by a legnlar 
UwadedeonnectionUaadapluralityofsctscrewsU. Eadi set screw 14 is received 
inagroovc 16. the eonibination of which with screw thread 12pi«ventsiaovein^ 
support 18. SupportlSispn^feiablyaftustoconicalannulardementofasinglepiece 
aWioughmultiplepiecescoddbeusedtoacUevetheresultoftheinvenlio^ Support 
18 is provided with at least one port 20 (preferably several ports 20) that exits support 

18 uphole of a point of contact oftheswagedevicewithlheinncrwaU of a junction 
being deformed (not shown). Port 20 also intersects a bore 22 ofwhich there may be 
several and preferably will b c as many as there are ports 20. which extends through 
support 18toadownholeeiid24thereof. Boie22isopcntoam«larspace26as - 
illustrated. As should be understood, there may be several bores 22 that open into 
annular space 26. Support 18 can be seenin the drawing (Figure 1) to matingly receive 

and support a swage member 27. 

Referring now to Figure 4, one embodiment ofthe swage member of the 

inventionisshownseparatclyfromothercon^wnenlsoftheiiiveatk^ Theswage 
member is numeraBed 27. Swage member 27 comprises a swage cup 28 and a swage 
base 30 and isafiustoconical annular elementprefcrablyofasinglepiece. Alternately. 
multiplepiecescouldbeusedtofomiswagemember27. to either case, swag* cup 28 
extends upwardlyandoutwardlyfiomswagecupbaseJO. A hole 29 extends axially 
through swage cup 28 and swage cop base 30 and is of a Size suffidcrt to anow swage 



member 27 to receive mandrel 1 1. Aq tq^le aid 33 of swage ciq> 28 is subslantially 
hoUowed out and coofigored to matingly apcommodate support 18, therebypieveating 
tliedeflectionofdieouterperimeterof8wiigec<q>28towaidraaiidrelll. ' 

Tmnii^ iKm to Kgmx S. an alternate embodiment of fte swage menibCT of tbe 
invention is illustrated generally at 227. ijus alternate embodiment comprises swage 
cup 228 and swage cup base 230. Swage Aip228isstillofageneranyftustoconical 
shape and is stiU preferably £d«icated fro^ a single piece of material, as in tiw previous 
embodiment However, swage cup 228 cojitains a pluraHty of longitudinal slots 235 cut 
thereto and eocteoding toward swage cup bise 23a Slots 235 render swage cup 228 
more flexible than Oie first described embojdiment The greater flexibility, it will be 
understood, is due to fliekerfwidfli of slot^ 235. Since it is possible during 
compression of swage cup 228 to "close" tjie Iceif of slots 235, a greater reduction in 
the ontade diameter of swage c<q> 228 is aijhievdile. Slots 235 make retrieval of die 
tool easier without compromising the swa^g action of the tool in the first instance. 

Referring twck to Rgnre 1, swage clip base 30 inchides bore 32 opea on a 
downhole end 34 of sw^ cup base 30 to tjie wen fluid downhole of a contact area 31 
of swage cap 28 widi fbe inside dimmsion pf a deformable junction 33 (shown in 
phantom lines). Bore 32 extends to an uph^le end 36 which communicates with 
annular space 26. Annular space 26 ensure^ communication between bor« 32 and bore 
22 thus effecting through-passage of weU f^ds fiom below contact area 31 of swage 
cup 28 with the in^ dimenaon of deformable junction 33 (effectively a metal-to- 
metal seal) to the oudet of port 20 above coi itad point 31. A means for fluid flow 
(such as bore 22) duough swage 1 0 is necesjsaiy to provide an oudet for the build vp of 
fluid pressure downhole of swage cup 28. ^y providing a bore through swage cup 28. 
the conditions allowing for the fonnation ol^djis hydraulic lock under swage cap 28. 

which would oUierwise hinder and possiblyprevent movement of swage lOthrough the 
junction, are defeated. j 

Swage cup 28 and swage c^) base 3^ are located on mandrel U by shear screws 



38 only. Swage aq) 28 and swage cup base 30 are preferably a angle annular 
compoaent ibat is sMeable along mandrel 1 1. Therefore, some means of holding 
swage ciq> 28 and swage cq» base 30 in the swaging position on s\^ort 18 is needed 
for die invention to function as intended. One embodiment of such means is Arougji 
the use ofshear screws 38, which are received in groove 40. It will be recognized by 
one of ordinary skill in flie art ttiat since shear screws 38 are the only means in this 
arixKHment which hold swage cup 28 and swage cup base 30 in place, swage cup 28 
and swage cup base 30 may lotatc 360* around mandrel 1 1 relatively fteely. The 
sipnficance of annular spsce 26 th« is to ensure that bore 32 b in fluid 
communicalion with bore 22 regardless of the orientation swage cup 28 and swage cup 

base 30 have rdative to si^port 18. 

fa die condition shown in Figure 1, one of ordinary doll in the ait will 
appreciate that as swage 10 is forced downhole. it wiU quite effectively reform a 

deformed juncdon similarly to prior art swages. Once the reformation is complete and 
It is desirable to remove swage 10 fiom the wdlbore, an upward puD is necessary. 
Refening now to Figure 2, upon pulling the tool in the upward direction, a point 42 of 
swage aq> 28 wiU cwitact the inner walls of the junction due to the resiUoice of the 
junction as discussed hereinbefore. The pressure on point 42 will tend to prevent swage 
10 from moving uphole. This force is translated thiou^ swage cup 28 and swage cup 
base 30 to screws 38. which wiU then shear under that force. One ofskillm the art will 
recopiize tiiat the particular amount of force required to diear screws 38 is 
eogineerabie in advance and should be matched to an appropriate amount offeree to 
indicate that withdrawal ofthe tool is desired. Upon shearing ofscrews 38. swage cup 
base 30 and swage cup 28 move downhole until downhole end 34 of swage cup base 30 
is in contact with an uphole end 44 of a swage stop 46. It should be briefly noted at (bis 
point that swage stop 46 is connected to mandrel 1 1 via a regular thread 48 and a 
plurality of set screws 50. Swage stop 46 farther inchides an o-ring 52 to seal swage 
stop 46 against mandrd 1 1. 
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Upon sUjfting swage cup 28 and swigc cup base 30 downhole into contact with 
i^hole end 44 of swage stop 46, a g^ 54 is! fonned between swage cup 28 and support 
18. Because of gap 54, continued puffing op swage 10 causes swage ciq> 28 to deflect 
inwardly toward mandrel 1 1 to a degree whjdi is sufiBcient to allow swage manbcr 27 
to slide throu^ the junction. The deflectio|i of swage axp 28 is typicaUy scv«al 
thousanddis of anindL Gap 54 maybe as sjnall as sevoal tbousanddis of an inch, or it 
m^be lar^, Tlic deflection of swage 28 will mcrdy be what is neccssaiy for swage 
10 to move duou^ Oe junction at a sigmfi^tly reduced force as it is being 
withdrawn fiom the well 

In a second embodiment of die invention, refming now to Figure 3, the general 
mode of operation of the swage lemains the;same, but tfie way in which it is carried out 
is slightly difirereot Since each ofthecravpnoits of diis embodiment is sligh 
diffeicnt flian each of their counterparts in fl[e first described embodiment, new 
nunmals are used for eadt 

A mandrel 1 1 1 sqiports a swage 1 1 0, which is activated flirough the movement 
ofmandrellll. fa the running position (shqwn), a swage ring support 114 ism 
position to support a swage ring 116* Both sjwagc ring support 114 and swage ring 116 
in this embodiment "floaf on mandrel 1 1 1 ^.e., they are not attached to mandrel 111). 
At tfie uphole end of mandrel 1 1 1, swage rii^ support 1 14 is prevented from moving 
further uphole by a retaining ring 118. Retaihiiigring 118 is threadedly connected to 
mandrel 1 1 1 by a thread 1 20 and prevented ^om moving on thread 1 20 by at least one 
set screw 122, which is received in a groove]! 24. b a preferred embodiment, mandrel 
1 1 1 is "lumed down" to form a shoulder I26;cxt«iding to the dowrihole mi of swage 
1 10 and is configured sudi that retainiiig rir^ US finnly abuts s 
Configuririg mandrel 111 to c<mtain8boulder| 126 provides more annular space between 
the 'turned down" surface of mandrel 1 1 1 ai^ the bordiole or junction so that thick«^ 
swage components may be used. The 'turn dj^wn" of shoulder 126 also lends extra 
stability to retaining ritig 1 1 8. 



Swage support 1 14 abuts retaining ring 1 IS at interface 130 and includes fluid 
bypass 132. Support for swage ring 116 is along interface 134. As a unit, support 114 
and swage ring 116 function as their counteipaits did in the i»evious embodiment and 
indeed as do diose of the prior art to refonn a deformed junction. It is with the recovery 
of swage 110 that its unique constniction is evident and beoeficiaL It should be noted 
that swage ring 1 1 6 includes at least one fluid bypass conduit 1 38 that communicates 

wifli an annulus 140. 

Downhole of swage ring 116 is a shear ring 142, Swage ring 1 16 abuts shear 
ring 142 at interface 144. Shear ring 142 is prevented ftom longttudinal movement on 
mandrel 1 11 by a plurality of shear screws 146, whidi extend into groove 148 cwi 
mandrel 111. Shear ring 142, together with retaining ring 11 8, maintains swage ring 
siq^>ort 114 and swage ring 116 in tlw (q>crative running and reforming position. It 
should be noted that slots 150 are provided on both the uphole and downhole sides of 
shearringl42inapi«ferTedcmbodnnent While only flic uphole end of shear ring 142 
requires slots 150 to allow fluid bypass, placmg slots 150 on bofli ends avoids ttic 
possibility that swage 1 10 might be assembled backwards. 

At Ac downhole end of swage 1 10 m Figure 3 O-c-. the rigjit side of the 
drawing), a dual function nose swagp 152 is thrcadedly attached to ma^ - 
thread 154 and locked in place by at least one set screw 156 received in groove 158. 
Nose swage 152 acts to prevent Aear ring 142 fiom falling oflf the end of mandrel 111 
after shear scrcw(s) 1 46 are sheared and also acts as a prcHtforming swage to open up 
tightly deformed junctions. 

In the operational condition, with shear scrcw($) 1 46 intact, the space between 
vphole end 160 of nose swage 152 and downhole caid 162 of shear ring 142 is 
preferably sufficient to allow full shearing of shear screw(s) 146 by displacement of 
shear ring 142 in the downhole direction before the noted surfaces touch. TTiis prevents 
a partial shearing condition which may impede performance to some degree. The partial 
shearing, however, should not completely prevent swage 1 10 ftom performing. 
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Once swage 1 1 0 has bew forced thijough the junction being lefonncd it will be 
withdrawn or pulled iq>hole. la Oie event fl)at the swage encounters significant 
resistance, the features ofthe invention wilj be set mmotio^^ Since both die swage ring 
support 11 4 and swage ring 1 1 6 are not €<»{nected to mandrel 111, resistance jrovidcd 
by the deformed junction is translated direcUy to shear sciew(s Ata 
predetermined amount offeree, 8crew(s) l46 wiB shear and allow mandrel 1 11 to move 
iq)hole. At this point, s^appoii 1 14 has not ijeeu moved relative to swage ring 1 16, 
Thus, die frictional engagement fbcnbttw^ is rendaed indcpendait and not 
cumulative with respect to the amount of fo^ necessaiy to shear 6<:vew(s) 146. V^n 
the movement of mandrel 1 1 1 ufholt, a snsjp ring 1 64 impacts a shoulder 166 on 
support 1 14 and will move sappon 1 14 out .of its support position under swage ring 
116. This, as in the previous embodhnent,fUows swage ring 116 to flex^thertby 
allowing swage 110 to be retrieved, hi pra^^ce, the disengagement of sq)port 114 with 
swage ring 1 1 6 is assisted by a jarring actio^ that normally results fiom the sudden 
shear of 8crew(s) 146. it dxHild be noted, hjywever, that a straight pull on swage 110 
would also dislodge siqiport 114 from swage ring 116. Thejamming action is a likely 
modeofopcration;howeva,itisnotarequjredmodeofopcration, OvcrcMiingthe 
fiiction generated by flexftle swage ring 1 1 ^ being urged into contact with sqjport 1 1 4 
as a result of contact between the swage rin^ 1 16 and inn» walk of the junction is all 
that is necessary. After shearing, swage ring 116 and shear rin^ 
swage 1S2 while support shoulder 166 will ^ on snq> ring 164. b this condition, 
SQfpon for swage ring 1 1 6 is not available apd it is free to flex allowing swage 1 1 0 to 
be recovered fiom the junction. Commonly^ the flexmg that will occur is into a sli^t 
oval shape. 

It should be q>preciated bat in both embodiments of the invention the shear 
release or other release mechanism niaynot|>e used in all conditions. Swage lOmay 
pull through thejunction without needing to)be flexible. Because these tools 
incorporate 4e invention, die tools are retrieved Aether or not swage 1 0 gets stuck m 



I 
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the junction. If swage 10 docs get stuck in the junction, shear screw(s) 146 wiU shear 
cootinned pickup of swage 10 and swage 10 will operate as hereinbefore cfcscribed. 

While prefeircd anbodiments have been shown and described, various 
ntodificatioDS and substitutions aay be made tfaefeto. 
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CLAIMS 

CLAIM 1. A flexible swage for rcfonning a defoimed juncti<n in a weUbore 
conqKisin^ 
asiq>poitlocatableoaamandreI; 

a swage member moveable on said paadrel into a position v/hat said member 
is snppoited by said sai>port and a positionjwbere said member is unsupported by said 
support, said member being deflectable wl^ in said unsupported position. 

CLAIM2. A flexible swage as claimed in Claim Iwheiem said swage member is 
ivodered ten^raiily unflodble by a defeat^le conditi<». 

CLAIMS. A fleiible swage as claimed;in Claim 2 wherein said defeatable member 
is at leastone sbear screw. 

CLAJM4. A flexiT)le swage as claimed^ Claim Iwhoein said swage further 
conqHiseis a swage stop mountable to said fijiandrel. 

CLAIM 5. A flexible swage as claimed Mi Claim 1 wherein said flexible swage 
finther comprises a flow path Ihiougb said iappott and said member to allow fluids lo 
pass tfarou^ said flndble swage. : 



CLAIM6. A flexible swage as claimed |n claim 1 wherein said swage member 
comprises a substantially fiustocomcally-sbaped element having a hole disposed axiaUy 
therethrough, said hole beiqg dimensioned t^ receive said mandrel therethrough. 
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CLAIM 7. A flexible swage as claimed in claim 6 v/herdn said swage member 
contains a plurality of slots longitudinally diq)oscd therein, said slots imparting 
fiexn>ility characteristics to said swage monber. 

CLAIM 8. A flexible swage as claimed in claim 7 wherein said swage member is 
f<»med fiom a single piece o f material, iherriiy maldng said base portion and said 
lonptudinal dements a single contiguous member. 

CLAIM 9. A flesdble swage as claimed in Clahn 1 whemn said flexible swage 
further inchides: 

an expansion sub located al<mg said mandrel iqdbole of said swi^e member^ 
an anchor uphole of said expansion sub; and 

a ball seat located internally of said mandrel and downhok of said expansion 

sid>* 

CLAIM 10. A flexible swage as claimed in Claim 4 wherein said stop is a 
refoxming swage. 

CLAIM 11. A method for reforming a defomied junction for a wellbore comprising: 
urging a swage member siw<>^ * «WOit through said junction; 
picking up on said swage; 
drfeat^ng a defeatable memben 
unsupporting said swage memben and 

withdrawing said swage member and said support from said wellbore. 

CLAIM 12, A method as claimed in aaim 11 whcrem said method further 
comprises deflecting said swage member. 
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CLA1M13. A medK>d as claimed mCla^ I Iwhoem said defeating is dieari^ 

CLAIM 14. A method as claimed in Chi^n 11 herein said defeating is a t^^ 
process. 

CLAIM 15. A method as claimed in Chub 14 wherem said two step process 

comprises shearing and oveicomiiig ffictiwi bccwc^ 

mend)er. 

CLAIM 16. A melhod as claimed in Claim 14 wherein said two Steps TO 
indepmieat 
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